Bryophyte, Jungermanniales, Norsesquiterpenes The chemical composition of a dichloromethane extract of the South American liverwort Porella recurva has been examined. Two new pinguisane-type norsesquiterpenoid natural products were isolated: 6,11-epoxy-15-nor-3,4-dioxo-5,10-pinguisadien-12-acetate and 6,11-epoxy-15-nor-4-oxo-5,10-pinguisadien-12-acetate. In addition two known pinguisane-type sesquiterpenes were also isolated: norpinguisone and norpinguisone methyl ester. All structures were elucidated by means of NMR spectroscopic techniques and mass spectrometry.
Introduction
Of the large number of bryophytes reported in the literature, it is the chemical diversity of the liverworts that has been most extensively studied and this has been acknowledged in numerous literature reviews Becker, 2001) . The Porella (Jungermanniales) species are a rich source of terpenoid natural products including a range of pinguisanes . In continuing our investigations on the constituents of liverworts (Geis and Becker, 2000; Barlow et al., 2001) we now report the identification of pinguisane-type sesquiterpenoids from a dichloromethane extract of a South American liverwort, Porella recurva Kuhnemann, which has not previously been investigated phytochemically.
Results
Chromatography on silica gel, of a dichloromethane extract of Porella recurva, resulted in the isolation of four pinguisone-type sesquiterpenes (see Fig. 1 ): two new natural products 1 and 2, and two known substances, norpinguisone 3 and norpinguisone methyl ester 4. Except for the small sample of 4 (obtained by HPLC), all compounds were obtained from crystalline material that formed in column fractions from silica-gel chromatography. Subsequent recrystallisations enabled 0939Ð5075/2002/0500Ð0413 $ 06.00 " 2002 Verlag der Zeitschrift für Naturforschung, Tübingen · www.znaturforsch.com · D these substances to be obtained pure and their structures to be fully chemically characterised. Assignment of the 1 H and 13 C NMR data for 1, 2 and 3 were carried out with the aid of DEPT, COSY, HSQC, HMBC and NOESY experiments. The 1D NMR data obtained for 4 matched that reported in the literature (Fukuyama et al., 1988) .
GC-MS analysis of 1 gave a parent ion of 290 Da. and supported the molecular formula C 16 H 18 O 5 . The strong mass fragmentation ion at m/z 108 and the following spectroscopic data suggested that this compound was a norpingiusonetype sesquiterpenoid. The optical rotation of 1 was strongly positive and the CD spectrum showed a positive cotton effect. The 1 H NMR spectrum showed distinctive signals at δ 6.66 and δ 7.38 (see Table I ) typical of an α, -disubstituted fused furan ring. The 13 C NMR spectrum for 1 displayed sixteen carbon resonances, assigned by DEPT to seven quaternary carbons, three methines, three methylenes and three methyls which together accounted for the expected 18 protons (Table II) . An HSQC NMR experiment established the links between protons and the carbons they were attached to, while an HMBC experiment established 2-and 3-bond connectivities (Table I) . Key HMBC correlations included: H-14 to C-4, C-3 and C-9; H-12 to C-7, C-8 and C-1; H-2 to C-1, C-3, and C-13. The NOESY interactions were used to as- sign the relative stereochemistry at the three chiral centres; the C-8 to C-9 ring junction was assigned as cis because of a 1,3-diaxial interaction between H-12 and Me-14, and the strong interaction between Me-13 and H-12. This was expected based on literature reports of other compounds with the same carbon skeleton.
The structure of 1 represents a new pinguisanetype sesquiterpene and is only the second occurrence (including that of 2, see below) of a norpinguisane natural product with an acetate group at position 12. The previously isolated compound 5 has an acetate group in position 12 and was isolated from the liverwort Dircranolejeunea yoshinagana, also from the Jungermanniales (Toyota et al., 1995) . Compounds 1 and 2 do not seem to be artefacts, since their 1 H NMR signals could be seen in fresh dichloromethane extracts of P. recurva. Oxidation of the 'C ring' of pinguisanes is not without precedence since it occurs in several other pinguisane-type sequiterpenoids: those oxidised in position 2 such as 6, bryopterin D (Nagashima et al., 1994) ; and those oxidised in position 3, including pinguisone 7 and dehydropinguisone 8 .
GC-MS analysis gave a parent ion of 276 Da. (major fragment at 108) for 2, which suggested a molecular formula of C 16 H 20 O 4 . The spectroscopic (1-and 2D NMR data) evidence led to structure 2. Key HMBC correlations showed the same patterns of connectivity as that for 1. A previous publication by Nagishima et al. (1994) reported 2 as a semi-synthetic product derived from a sequence of reduction and acetylation reactions starting with 9, bryopterin C. The NMR data of our sample of 2 in deuterobenzene (data not shown) matched that reported previously. Whereas our sample of 2 was a crystalline solid, that reported by Nagishima was an oil. However, this may have been due to the small amount obtained since despite this difference the remaining spectroscopic data was in good agreement with that for our sample of 2. We now report for the first time the fully assigned 13 C NMR data (Table II) for 2 and include 1 H NMR data for the sample run in deuterochloroform (Table I) .
Again as with the mass spectral analyses of 1 and 2, the strong mass fragmentation ion at m/z 108 for the analysis of 3 suggested another norpinguisone-type sesquiterpenoid. The parent ion of 218 Da. supported the molecular formula of C 14 H 18 O 2 . By comparison of the spectroscopic data obtained for 1 and 2 with 1D 1 H-and 13 C NMR data for 3 we were able to elucidate the structure as norpinguisone (Asakawa and Aratani, 1976 ). Furthermore we decided to undertake a series of 2D NMR experiments to fully assign the 13 C NMR spectra (Table II) , which had not previously been reported. HMBC correlations showed the same patterns of connectivity as measured for compounds 1 and 2.
The fourth pinguisone that was isolated from Porella recurva was substance 4, norpinguisone methyl ester. Only small amount was isolated by silica-gel HPLC, since the spectroscopic data was in aggreement with that of previously published data for 4 (Nagashima et al., 1994) .
Experimental

General experimental procedures
All solvents were distilled before use and were removed by rotary evaporation at temperatures up to 35∞ C. Silica-gel 60 TLC grade was used for vacuum liquid chromatography (VLC). HPLC was performed using a Rheodyne injector connected to a Bischoff HPLC pump and 8110 RI detector. Melting points were measured without correction using a Leitz hot-stage microscope. Optical rota-tions were measured on a Perkin-Elmer 241 polarimeter. GC-MS was performed with a Hewlett Packard G1800A GCD system using helium (60 Kpa, 1 ml/min) as the carrier gas. Samples were injected (250∞ C) and analysed on an HP-5 column (15 m ¥ 0.25 mm ID, 0.25 µm film). CD and IR spectra were recorded on Jasco J-715 and Zeiss IMR instruments, respectively. NMR spectra, at 298 K, were recorded at 500 MHz for 1 H NMR and 125 MHz for 13 C NMR on a Bruker DRX500 spectrometer. Chemical shifts are given in parts per million (ppm) on the δ scale referenced to the solvent peak CHCl 3 , at 7.26 and CDCl 3 at 77.0. 13 C multiplicities were determined using the DEPT pulse sequence. 2D spectra were recorded as COSY, HSQC, HMBC and NOESY experiments.
Plant material
Porella recurva was collected in Rio Negro, Argentina in 1997 by Prof. R. Mues. A voucher specimen (collection Nr. 970001, herbarium Nr. 3216) is retained in the Herbarium Drehwald, Göttin-gen, Germany.
Extraction and isolation
Dried plant material (500 g) was ground in liquid nitrogen to a fine powder and extracted in a Soxhlet apparatus using CH 2 Cl 2 (2 l). After removal of the solvent, the crude extract (16 g) was chromatographed on silica gel (150 g, VLC) employing an n-hexaneÐEtOAc gradient. Column fractions were stored at Ð20∞ C from which several crystalline deposits formed, subsequently the corresponding compounds were isolated as follows: Crystalline material from the fraction that eluted between 90:10 and 85:15 hexane:EtOAc was recrystallised from hexane to yield 3 (CAS RN 62121-27-1) colourless prisms (93 mg): 1 H and 13 C NMR, see Tables I and II ; spectroscopic data matched that of literature values. Crystalline material from the fraction that eluted between 80:20 hexane:EtOAc was recrystallised from DCM/hexane to yield 180 mg of 2 (CAS RN 158921-71-2). In addition another compound was isolated from this VLC fraction using HPLC (250 ¥ 4 mm, Si 60 Lichrospher Merck, 5 µm, hexaneÐEtOAc, 85:15, 1.0 ml/min, RI detection). Several injections were performed and the peak that eluted at approximately 6 minutes (pooled total of 5 mg) was isolated and its structure determined to be 4 (CAS RN 119285-56-2); spectral data matched that reported in the literature (Fukuyama et al., 1988) . Crystalline material from the fraction that eluted between 65:35 and 55:45 hexane: EtOAc was recrystallised from DCM/hexane to yield 1 (360 mg).
6,11-Epoxy-15-nor-3,4-dioxo-5,10-pinguisadien-12-acetate (1) Tables I and II. 6,11-Epoxy-15-nor-4-oxo-5,10-pinguisadien-12-acetate (2) was obtained as pale yellow prisms; melting point = 102Ð103∞ C; anal. C 69. Tables I and II. 
